MC mediator-related symptoms and anaphylaxis was 2 and 0.4% in the adult series and 4 and 2% among children. In the adult series, this frequency was significantly higher in patients who previously presented with anaphylaxis (p = 0.03), underwent major surgeries (p < 0.001) and general anesthesia (p = 0.02), and were not given prophylactic antimediator therapy (PAT) 1 h before the anesthesia (H1/H2 antihistamines and benzodiacepines; p = 0.002).Hypersensitivity and/or allergy to the involved drugs and latex allergy were ruled out in all but one symptomatic case; when PAT was given and sedation was added, some cases later tolerated the same anesthetic drugs. Conclusion: The frequency of perioperative anaphylaxis appears to be higher in mastocytosis patients than in the general population. Mastocytosis should not be a contraindication for anesthesia since PAT and adequate anesthetic management using the drugs with the safest profile appears to be effective in preventing/controlling MC mediator-associated symptoms.
Introduction
Mastocytosis includes a heterogeneous group of disorders characterized by the presence of abnormal mast cells (MC) in different organs and tissues. Because of its heterogeneity, mastocytosis is classified into different categories based on its clinical presentation and the pattern and extent of tissue involvement. Thus, mastocytosis is classified according to the age of onset (pediatric vs. adult), the organs involved (cutaneous vs. systemic), and its clinical behavior/MC burden (indolent vs. aggressive disease). Indolent systemic mastocytosis (ISM) is the most common form of the disease, and it is typically associated with a good prognosis and a normal life expectancy in patients with the D816V KIT mutation restricted to the MC compartment [1, 2] .
Patients with mastocytosis frequently present cutaneous and systemic symptoms due to the release of MC mediators, including pruritus, urticaria, flushing, gastrointestinal complaints (nausea, abdominal pain, and diarrhea), shortness of breath, and even anaphylaxis. Such symptoms may emerge spontaneously or can be triggered by several different factors. Anaphylaxis due to a massive MC mediator release is present in a significant portion of systemic mastocytosis (SM) patients (22-49%) [3, 4] and can be elicited by either known or unknown triggers through diverse mechanisms involving IgE-or non-IgEmediated pathways. Among other triggers, anesthesia may induce MC mediator release [5] [6] [7] associated with mechanical irritation of tissues, stress or drugs such as neuromuscular blockers, opioids, hypnotics, analgesics, and colloids [5, 6, [8] [9] [10] [11] . Currently, there is limited data on the frequency of perianestethic MC mediator symptoms in patients with mastocytosis, and most available information is based on case reports. In the few (limited) series of pediatric mastocytosis patients [10, 12, 13] and in the single large series of adult mastocytosis patients [14] who underwent anesthetic procedures reported thus far, the frequency of anaphylaxis was 0 and 0.6%, respectively. Despite this, anesthetic procedures are considered high risk in mastocytosis since severe reactions (e.g. systemic hypotension/anaphylactic reactions and coagulopathy) resulting in death in individual patients have been recurrently reported [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Because of this, several different recommendations following single-center experiences have been proposed, including the use of prophylactic antimediator therapy (PAT) and some specific anesthetic drugs in order to prevent MC mediator release in anesthetic procedures in patients with mastocytosis [10, 13, 16, 20, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . Furthermore, determination of perioperative serum tryptase is strongly recommended if MC mediator release is suspected to occur during an anesthetic procedure [8, 37, 38] .
Here, we report a retrospective study on a large series of 501 consecutive patients with mastocytosis (459 adults and 42 children) who underwent 726 anesthetic procedures; our aim was to determining the frequency and type of MC mediator episodes and symptoms associated with anesthesia and anesthetic procedures in distinct subtypes of mastocytosis.
Materials and Methods

Patients
The medical records of 501 consecutive patients (459 adults and 42 children) diagnosed with different categories of mastocytosis according to World Health Organization (WHO) criteria [39] [40] [41] [42] , who were followed by the Spanish Network on Mastocytosis (REMA) and underwent anesthetic procedures from 1989 to 2014, were reviewed. Every adult participant, as well as the children and their parents, gave their informed consent to participate in this retrospective study which was approved by the local ethics committee.
Of the 459 adults, 257 (56%) were women and 202 (44%) were men; of them, 13 (3%) had cutaneous mastocytosis (CM), 9 (2%) were classified as having mastocytosis in the skin (MIS) [in these cases a bone marrow (BM) study was not performed and systemic involvement was not ruled out], 259 (56%) had indolent SM presenting with skin lesions (ISMs + ), 124 (27%) had ISM without skin lesions (ISMs -), 27 (6%) had well-differentiated SM (WDSM) [43] , 20 (4%) had aggressive SM, 4 (1%) had MC leukemia, 1 had ISMs + associated with another clonal hematological non-MC lineage disease (AHNMD) -i.e. non-Hodgkin B-cell lymphoma -and 2 had ISMs --AHNMD (a myeloproliferative/myelodisplastic syndrome in both patients). In the pediatric group, 19 (45%) patients were girls and 23 (55%) were boys, with the following diagnoses: cutaneous mastocytoma (n = 2; 5%), WDSM (n = 2; 5%), CM (n = 4; 10%), and MIS (n = 34; 80%).
The onset of the disease was defined either by the moment in which the skin lesions appeared or by the time of the first anaphylaxis episode, or by the presence of B or C findings [40] in patients who presented without skin lesions. Adult patients had undergone between 1 and 7 anesthetic procedures for a total of 676 anesthetic procedures as follows: 1 procedure, n = 333 (72%); 2 procedures, n = 80 (17%); 3 procedures, n = 21 (5%); 4 procedures, n = 12 (3%); 5 procedures, n = 7 (1%); 6 procedures, n = 5 (1%), and 7 procedures, n = 1 (0.5%). Among the children, 36 (86%), 4 (9%), and 2 (5%) patients had undergone 1, 2, and 3 anesthetic procedures, respectively, for a total of 50 anesthetic procedures. Every anesthetic procedure was classified according to the American Society of Anesthesiologists (ASA) physical status classification system [44] , and every surgery was termed major or minor following previously reported criteria [45] .
Data about MC mediator release-related symptoms (e.g. pruritus, flushing, gastrointestinal symptoms, and anaphylaxis) was specifically recorded for each anesthetic procedure with the specific antimediator therapy given for mastocytosis (e.g. oral disodium cromolyn, H1 and H2 antihistamines, leukotriene antagonists, and 49 corticosteroids), as well as the cytoreductive (interferon-α-2b, hydroxyurea, and cladribine) or targeted (imatinib) therapies administered during the year before the anesthetic procedure was carried out. Use of intensive antimediator therapy was defined based on administration of scheduled disodium cromolyn plus any of the above-mentioned antimediator drugs to control MC mediator-related symptoms. In addition, administration of H1/H2 antihistamines, corticosteroids, montelukast, and/or benzodiacepines in different combinations before anesthesia was also considered. PAT was used when at least H1 antihistamines or corticosteroids had been administered before anesthesia. Finally, the occurrence of MC mediator-associated symptoms, excessive bleeding during the procedure or the perioperative period, the treatment required to control the symptoms, and the need for a blood transfusion after anesthesia were also systematically recorded in each case.
Anesthetic Techniques
Anesthetic procedures were classified according to the anesthetic techniques used as follows: general anesthesia, sedation, epidural anesthesia, or local anesthesia. In this line, every procedure could be performed using one or a combination of these techniques. From this point on, the number of anesthetic procedures will be referred to as cases.
Information about the specific anesthetic drugs used (e.g. inhalant anesthetics, neuromuscular blocking drugs, sedative and hypnotic drugs, local anesthetics, and opioids, as well as other drugs commonly used in anesthesia like neostigmine, atropine, nonsteroidal anti-inflammatory drugs, analgesics, antibiotics, and colloid fluids) was systematically recorded from the medical reports for each anesthetic procedure. Furthermore, the use of PAT before every risk procedure was also recorded.
Serum tryptase levels were determined using the available commercial technique (Phadia, Uppsala, Sweden/Thermo Fisher Scientific Inc.); in the majority of the patients, serum tryptase levels were determined in basal (clinical) conditions (sBT) during the year before the anesthesia took place.
Allergological Work-Up
In every perioperative symptomatic case, the suspected triggers (e.g. latex and drugs) were identified; subsequently, a complete allergic work-up was performed, including an evaluation of specific IgE levels when available (ImmunoCAP; Phadia/Thermo Fisher Scientific Inc.) and skin tests (skin prick tests and intradermal tests), as well as specific drug challenges.
Statistical Methods
The Mann-Whitney U test or a χ 2 test was used to assess the statistical significance of differences observed between groups for continuous and categorical variables, respectively. p < 0.05 was considered statistically significant. For all statistical analyses, the IBM SPSS version 20 software package was used.
Results
The anesthetic techniques used for adult and pediatric mastocytosis cases included: general anesthesia in 66 (10%) and 24 (48%), sedation in 67 (10%) and 8 (16%), epidural in 76 (11%) and 2 (4%), and local anesthesia in 515 (76%) and 25 (50%) cases, respectively. The number of specific procedures carried out according to the anesthetic technique used is detailed in online supplementary table 1 (for all online suppl. material, see www.karger. com/doi/10.1159/000436969). Combination of 2 anesthetic techniques was carried out in 49 (7%) adult and 9 (18%) pediatric procedures, including sedation plus local anesthesia in 22 (45%) adult and 3 (6%) pediatric cases, sedation and epidural anesthesia in 17 (35%) adult and 2 (4%) pediatric cases, and general anesthesia plus either local or epidural anesthesia in 5 (10%) adult and 4 (8%) -local anesthesia -pediatric cases, respectively.
MC Mediator-Related Symptoms during the Perioperative Period
Overall, 11 (2%) adult cases and 2 (4%) pediatric cases suffering from cutaneous mastocytoma (n = 1 child), CM (n = 1 adult), MIS (n = 1 child), and ISM (n = 10 adults) who underwent general anesthesia (n = 4 adults and 2 children), sedation (n = 2 adults), and epidural (n = 2 adults) and local (n = 4 adults) anesthetic techniques had perioperative MC-related symptoms consisting of anaphylaxis in 3 of 11 adults (0.4%) and 1 of 2 children (2%), respectively; the remaining cases presented mild symptoms. Of note, for 3 of 4 cases that presented perioperative anaphylaxis, this was the first anaphylaxis episode.
The detailed characteristics of the anesthetic procedures used in cases presenting perioperative MC-mediator release-associated episodes are shown in table 1 . Anaphylaxis in adult cases presented as sudden hypotension in the absence of other perioperative causes, associated cardiorespiratory arrest and coagulopathy (case No. 2), generalized urticaria (case No. 6), and loss of consciousness (case No. 9); the pediatric case presented bronchospasm and generalized erythema. Unfortunately, tryptase or histamine levels were not determined during the anaphylactic period. Interestingly, when the medication used as PAT was given during a later anesthetic procedure to case No. 3 and 12, as well as when sedation was added in case No. 9, all 3 cases had tolerance to the anesthetic drugs previously involved as possible elicitors of symptoms. In all symptomatic cases, a tolerance to latex was demonstrated later on; in addition, hypersensitivity and/or allergy to the drugs involved was also systematically ruled out, except in case No. 10, in whom the allergological study was still pending at the time of reporting as he was still under antimediator therapy. In the majority of cases, the MC mediator release-associated symptoms could be directly related to degranulation of MC, elicited by gas- The clinical data of adult and pediatric patients in the perioperative symptomatic group versus the asymptomatic group regarding demographics, categories of mastocytosis, symptoms, therapies, ASA classification, anesthetic techniques, and categories of surgery are shown in tables 2 and 3 , respectively. Of note, no statistically significant differences were found among adult or pediatric cases when they were grouped according to the presence or absence of systemic disease, the extent of skin involvement, and the percentage of BM MC and sBT levels during the year prior to the anesthetic procedure, and a higher ASA classification of cases was not associated with a higher frequency of MC mediator release-related symptoms ( tables 2 , 3 ). In contrast, the frequency of perioperative MC mediator release-associated symptoms was significantly higher in adult cases that underwent major surgery (p < 0.001) and general anesthesia (p = 0.02). In addition, adult cases showing perioperative MC mediator release-associated symptoms had more frequently had anaphylaxis (p = 0.03), particularly idiopathic anaphylaxis (36 vs. 13%, p < 0.05) and anaphylaxis evoked by drugs (36 vs. 13%, p < 0.05), before the anesthesia in the perioperative symptomatic group despite the fact that known drug allergies were considered and those drugs were avoided in every individual case ( tables 2 , 3 ). Among the children, none of the 6 cases which had had previous anaphylactic episodes presented perioperative MC mediator release-related symptoms ( table 3 ) .
Drugs Involved in the Anesthetic Procedures
The drugs used as PAT (H1/H2 antihistamines, corticosteroids, montelukast, and benzodiacepines) were typically given 1 h before the procedure in the vast majority of both adult and pediatric cases; H1 antihistamines were the drugs more frequently used across the different types of anesthetic techniques; in turn, corticosteroids were preferentially used in general anesthesia among both adults (82%) and children (75%) (online suppl. table 2). Overall, the frequency of cases that did not get PAT among those that presented perioperative MC mediator release-associated symptoms was higher than that among cases that were given PAT (based on H1/H2 antihistamines and benzodiacepines) 1 h before the anesthesia, i.e. 55 versus 13% of adults (p = 0.002) and 1 of 2 versus 13 of 48 children (p > 0.05), respectively. The frequency of MC mediator release-associated symptoms did not show an association with the specific drugs administered for the anesthetic procedures in adults or in children (online suppl. table 3).
Discussion
Information about perioperative management and anesthesia in patients with mastocytosis in frequently based on case reports or small patient series [10, [12] [13] [14] , which show low frequencies of moderate MC mediator release symptoms both in children (flushing, 9%) [10] and in adults (7%) [14] , with a frequency of anaphylaxis of around 0.6% in adults [14] . In the present study, we report the largest series of use of anesthesia in adults and children with mastocytosis who have undergone anesthetic procedures. We found similar results in the pediatric and adult series, with a low frequency of moderate perioperative MC mediator release-associated symptoms (4 and 2%, respectively); moreover, 1 child (2%) and 3 adults (0.3%) presented anaphylaxis, with the child even tolerating the same anesthetic procedure when PAT was used latter on. This frequency of perianesthetic MC mediator related symptoms is similar to that reported in the literature for children (although this series reports perianesthetic anaphylaxis, not previously described in other pediatric series), and it is lower than that previously described for adults, with a low frequency of anaphylaxis (0.4%) similar to that found in the literature for mastocytosis. Previous retrospective studies have reported an overall incidence of anaphylaxis (or anaphylactoid reactions) during anesthesia in the general population ranging from 1/3,500 (0.03%) to 1/25,000 (0.004%) [46] [47] [48] [49] . Futhermore, prospective studies carried out in Spain [47, 50] have shown an incidence of perioperative anaphylaxis in the general population ranging from 1/10,263 (0.009%) to 1/7,085 (0.01%), with the frequency being higher among subjects who have undergone general anesthesia (1/6,973; 0.01%).
Altogether, these results support the notion that the frequency of perioperative anaphylaxis in patients with mastocytosis is higher than that observed in the general population. In addition, our results also indicate that anesthesia should not be avoided in patients with mastocytosis, particularly because the majority of cases have nonaggressive categories of the disease, with a good prognosis and a normal life expectancy. The frequency of perioperative anaphyalxis in our series was low, indicating that the risk for perioperative anaphylaxis in mastocytosis patients is most probably overestimated. Despite this, it is strongly recommended that anesthesia be managed as a high-risk procedure in these patients, since it seems to be difficult to predict and not directly related to the type of anesthesia used (e.g. general or local) or the presence of systemic disease as previously suggested [12, 32] . Thus, perioperative MC mediator release-related symptoms were present in children with CM in the absence of extensive skin involvement or increased sBT (variables that are considered to be the major risk factors for severe MC mediator release-related symptoms and anaphylaxis in children with mastocytosis) [4, 51] . Similarly, MC degranulation-associated symptoms were frequently observed in adults with indolent categories of the disease independently of the overall MC burden as assessed by BM MC infiltration levels and sBT levels. Although the overall frequency of perioperative anaphylaxis was higher among the children than the adults, such a difference could be potentially due to the different number of procedures included in each series.
Overall, a relatively high heterogeneity was observed in our series regarding the administration of PAT before anesthetic procedures in mastocytosis patients, particularly for the anesthetic techniques performed outside the REMA centers, where the same protocol was followed in the majority of cases. Of note, such differences are probably related to the insufficient (empirical) data in the literature that would support the utility of PAT [11, 29, 52, 53] , though some authors have proposed the use of premedication protocols in mastocytosis [26, 30, 54] , as well 54 as in other patients at risk of anaphylaxis, based on, for example, data on the medical history, previous asthma, and urticaria [55] . In this study, we found that PAT given 1 h before the anesthesia was not associated with any adverse effect, whereas it decreased the probability of suffering perioperative MC mediator release-associated symptoms, particularly when the PAT included H1/H2 antihistamines and benzodiacepines. Furthermore, we observed that 3 of 13 symptomatic cases which underwent another anesthetic procedure tolerated the same anesthetic drugs when PAT was given 1 h before or implemented with adequate sedation. These results support the notion that stress and anxiety play an important role as elicitors of perioperative MC-related symptoms, as has been previously suggested [8, 11] .
A complete allergic work-up is mandatory in mastocytosis patients who present perioperative MC mediator-related symptoms; accordingly, we recommend determining the specific IgE for the possible triggers (if available) and skin testing. If these results are negative and the drug involved has a low profile as elicitor of MC degranulation, a drug challenge under strict vigilance could be recommended. On the contrary, if the drug involved is highly suspicious of evoking MC degranulation (e.g. opioids and neuromuscular blockers), performing a challenge with PAT and other drugs of the pharmacological group that results in negative skin tests and a lower probability of eliciting MC degranulation could be a reasonable approach. Furthermore, we recommend increasing the PAT schedule if the previous one was not effective to prevent an episode of MC mediator release symptoms.
In this study, a remarkable number of perioperative symptomatic cases later tolerated the drugs involved in the MC degranulation episode, ruling them out as elicitors. However, only negative skin tests for the anesthetic drugs involved were found in the remaining cases; despite the great utility of these tests, they are not as good as a known later tolerance to the drug when ruling it out as the trigger (IgE mediated or not) of symptoms.
We cannot completely rule out that any of the drugs administered would have a greater risk of eliciting an episode of MC mediator release compared to other available drugs. Nevertheless, whenever possible, cautious patient management should be adopted in which drugs known to elicit MC degranulation are avoided and drugs known to be tolerated by individual patients are preferred [11, 13, 32, 53, 56, 57] ; furthermore, if this information is not available or any of these drugs are indispensable, we recommend using the drug that probably has a lower risk of eliciting MC degranulation (IgE mediated or not) in every pharmacological group, such as rigid neuromuscular blockers, synthetic opioids with a short-acting and rapid offset, and amide derivatives. Unfortunately, we could not estimate the predictive value of sBT determinations performed in the perioperative period (just before and/or after anesthesia), since it was not systematically assessed. Despite this, sBT levels determined in the year before the patient underwent anesthesia did not appear to be a reliable predictor of the occurrence of perioperative MC mediator release episodes.
In summary, based on the retrospective analysis of large series of adults and children with mastocytosis, we conclude that the frequency of MC perioperative symptoms in mastocytosis seems to be higher than that of the general population in the absence of a dramatic and fatal clinical outcome. Thus, mastocytosis is not a contraindication for the use of anesthesia, although it must be managed as a high-risk procedure in every patient and for every anesthetic technique, since risk factors for predicting the emergence of MC mediator release symptoms or anaphylaxis could not be identified. Despite this, PAT based on H1/H2 antihistamines and/or benzodiacepines given 1 h before the anesthesia to avoid the stress is strongly recommended, as it was associated with fewer MC activation episodes in the absence of any adverse events related to this therapy.
